Background
Genome-wide association studies (GWAS) have become a powerful approach to searching for common genetic variants associated with complex diseases. So far, the search for common susceptibility variants has been less successful in psychiatric disorders such as schizophrenia than in many other complex diseases. Among several recent schizophrenia GWA studies, essentially no marker or gene could have achieved genome-wide significance level in any single study [1] . So far, the genetic signal has always been examined at single marker or single gene level in the schizophrenia GWA studies.
Materials and methods
In this study, we uniquely examined GWAS data at the the gene set level (i.e., pathways and protein-protein interaction (PPI) subnetworks) rather than the SNP level. We first collected a comprehensive list of pathways from the KEGG and BioCarta databases. Additionally, we applied a network module searching approach to search for informative subnetworks in a nodeweighted human PPI network by GWAS markers' P values. Using this module searching method, we iden-tified~100 candidate genes from top ranked schizophrenia-specific modules and used these genes as a gene set for follow up functional enrichment test. We applied two statistical methods (gene set enrichment analysis (GSEA) and hypergeometric test) and also combined them by Fisher's combined method to analyze the gene sets defined by canonical pathways or our module genes. Results were further validated by permutation analysis.
Results and conclusion
In GSEA analysis, we found the gene set consisting of the network module genes was the most significant among all gene sets, indicating our module searching being efficient in finding the real effect of multiple genes in a more flexible way than classically defined pathways. We also identified a few pathways that are consistently associated with schizophrenia by multiple methods; they included glutamate metabolism pathway, TNFR1 pathway, and TGF beta signaling pathway. These results not only improved our understanding of the underlying pathogenesis of schizophrenia, but also suggested that the gene set based approach is powerful to detect common variants conferring risk to complex diseases.
